The reaction of the compartmental ligand N,N',N"-trimethyl-N,N"-bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylenetriamine (H2L) with Zn(NO3)2·6H2O and subsequently with Ln(NO3)3·5H2O (Ln III = Gd and Yb) and triethylamine in MeOH using a 1:1:1:1 molar ratio leads to the formation of the tetranuclear complexes {(µ3- Oe. The fit of the high temperature data to the Arrhenius equation affords an effective energy barrier for the reversal of the magnetization of 19.4(7) K with τo = 3.1 x 10 -6 s and 27.0(9) K with τo = 8.8 x 10 -7 s, for 2 and 3, respectively. However, the fit of the full range of temperature data indicates that the relaxation process could take place through a Raman-like process rather than through an activated Orbach process. The chromophoric L 2-ligand is able to act as "antenna" group, sensitizing the NIR Yb µs and 10 µs for 2 and 3, respectively. The shorter lifetime for 2 is due to the presence of one coordinated water molecule on the Yb III centre (and to a lesser extent noncoordinated water molecules) which would favor vibrational quenching via O-H oscillators. Therefore, complexes 2 and 3, combining field induced SMM behavior and NIR luminescence, can be considered as dual magneto-luminescent materials.
CO3)2[Zn(µ-L)Gd(NO3)]2}·4CH3OH
(1) and {(µ3-CO3)2[Zn(µ-L)Yb(H2O)]2}(NO3)2·4CH3OH (2). When the reaction is performed in the absence of triethylamine, the dinuclear compound [Zn(µ-L)(µ-NO3)Yb(NO3)2] (3) is obtained. The structures of (1) and (2) demonstrate that 1 has a large magnetocaloric effect (MCE) with a maximum value of −ΔSm = 18.5 J kg -1 K -1 at T =1.9 K and B = 7 T. Complexes 2 and 3 show slow relaxation of the magnetization and SMM behaviour under an applied dc field of 1000
Oe. The fit of the high temperature data to the Arrhenius equation affords an effective energy barrier for the reversal of the magnetization of 19.4(7) K with τo = 3.1 x 10 -6 s and 27.0(9) K with τo = 8.8 x 10 -7 s, for 2 and 3, respectively. However, the fit of the full range of temperature data indicates that the relaxation process could take place through a Raman-like process rather than through an activated Orbach process. The chromophoric L 2-ligand is able to act as "antenna" group, sensitizing the NIR Yb III -based luminescence in complexes 2 and 3 through an intramolecular energy transfer to the excited states of the accepting Yb III ion. These complexes show several bands in the 945-1050 nm region corresponding to 2 F5/2→ 2 F7/2 transitions arising from the ligand field splitting of both multiplets. The observed luminescence lifetimes (τobs) are 0.515 µs and 10 µs for 2 and 3, respectively. The shorter lifetime for 2 is due to the presence
Introduction
Lanthanide coordination compounds have attracted much recent attention, in part because of their often aesthetically pleasing structures, but mainly due to their fascinating and potentially applicable magnetic and photo-physical properties. 1, 2 that behave as Single-Molecule Magnets (SMMs) 3 or low temperature molecular magnetic coolers (MMCs). 4 SMMs are molecular complexes that can function as singledomain nanoparticles, that is to say, they exhibit slow relaxation of the magnetization and magnetic hysteresis below a blocking temperature (TB). These chemically and physically fascinating nanomagnets, have been proposed for applications in molecular spintronics, 5 ultra-high density magnetic information storage 6 and quantum computing at molecular level. 7 The driving force behind the enormous increase of activity in the field of SMMs is the prospect of integrating them in nano-sized devices. 8 The origin of the SMM behaviour is the existence of an energy barrier (U) that prevents reversal of the molecular magnetization when the field is removed, leading to bistability. 3 To increase the height of the energy barrier and therefore to improve the SMM properties, systems with large magnetic moments and large magnetic anisotropy are required.
Lanthanide complexes meet these requirements as the unpaired electrons in the inner f orbitals, which are very efficiently shielded by the fully occupied 5s and 5p orbitals and therefore interact very poorly with the ligand electrons, exhibit large and unquenched orbital angular momentum and consequently large intrinsic magnetic anisotropy and large magnetic moments in the ground state. 
10a with the compartmental ligand N,N',N"-trimethyl-N,N"-bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylene triamine (H2L, see Figure S1 ), where the carbonato ligand was generated from the fixation of atmospheric CO2 in basic medium, as has been observed for other carbonate-bridged Moreover, 2 and 3 show NIR luminesce and therefore can be considered as magneticluminescent materials.
Experimental
General Procedures: Unless stated otherwise, all reactions were conducted in ovendried glassware in aerobic conditions, with the reagents purchased commercially and used without further purification. The ligand H2L was prepared as previously described. The purity of the complexes was checked by elemental analysis (see Table S1 ).
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Preparation of complexes
{(µ3-CO3)2[Zn(µ-L)Gd(NO3)]2}·4CH3OH (1) and {(µ3-CO3)2[Zn(µ- L)Yb(H2O)]2}(NO3)2·4CH3OH (2
Physical measurements
Elemental analyses were carried out at the "Centro de Instrumentación Científica"
(University of Granada) on a Fisons-Carlo Erba analyser model EA 1108. IR spectra on powdered samples were recorded with a ThermoNicolet IR200FTIR using KBr pellets.
Dc susceptibility and isothermal magnetization curves as weel as ac susceptibility measurements under different applied static fields using an oscillating ac field of 3. factors, details on the data collection and analysis can be found in Table S2 . Selected bond lengths and angles are given in Table S3 .
Results and Discussion
Complexes 1 and 2 were prepared from the reaction of H2L with Zn(NO3)2·6H2O and subsequently with Ln(NO3)3·5H2O (Ln III = Gd and Yb) and triethylamine in MeOH using a 1:1:1:1 molar ratio. Colorless prismatic-shaped crystals of 1 and 3 suitable for X-ray analysis, were slowly grown from the corresponding solutions. As expected, the reaction of H2L with Zn(NO3)3·6H2O and subsequently with Yb(NO3)3·6H2O in MeOH, in the absence of tryethylamine and using a 1 The L 2-ligand coordinates the Zn II ions in such a way that the three nitrogen atoms, and consequently the three oxygen atoms, occupy fac positions on the slightly trigonally distorted ZnN3O3 coordination polyhedron. The Yb III ion exhibits a YbO9 coordination sphere which is made by the two phenoxo bridging oxygen atoms, the two methoxy oxygen atoms, one oxygen atom from the nitrate bridging group and four oxygen atoms belonging to two bidentate nitrate anions. The Yb-O distances are in the range 2.176-2.571 Å, thus indicating a high degree of distortion in the YbO9 coordination sphere. The calculation of the degree of distortion of the YbO9 coordination polyhedron with respect to an ideal nine-vertex polyhedra, was performed by using continuous shape measure theory and SHAPE software (see Table S4 ). 18 The calculation showed that the YbO9 coordination polyhedron is intermediate between The Gd III ion exhibits a rather asymmetric GdO9 coordination sphere which is made from the two phenoxo bridging oxygen atoms, the two methoxy oxygen atoms, three oxygen atoms from the carbonato bridging groups and two oxygen atoms YbO8 coordination polyhedron instead a nine-coordinated one. The degree of distortion of the YbO8 coordination polyhedron with respect to an ideal eight-vertex polyhedra, was calculated by using the continuous shape measure theory and SHAPE software (see Table S4 ). 18 The calculation indicated that the YbO8 coordination polyhedron is intermediate between several ideal polyhedra, those being triangular dodecahedron, D2d, biaugmented trigonal prism, C2v, and square-antiprism, D4d. Shape measures relative to ideal triangular dodecahedron are however by far the lowest, with a value of 1.54 (see Figure S2 ). 
Magnetic Properties
The temperature dependence of the χMT product for 1 is shown in Figure 4 . This behaviour is due to an intra-dinuclear ferromagnetic interaction between the Gd III ions. The magnetic properties have been modelled using the following spin Hamiltonian: χT / emu K mol
where J is the isotropic exchange interaction, g the g-factor, µB the bohr magneton and B the applied magnetic field. The best fit of the experimental susceptibility afforded the following set of parameters: J = +0.038(2) cm -1 and gGd = 2.02(4). The field dependence of the isothermal magnetization (M) between 2 K and 10 K is shown in Figure 5 . The calculated isothermal magnetization curves using the J and g values obtained from
fitting the susceptibility data (depicted as dashed lines in Fig. 5 ) nicely agree with the experimental data (markers). From the magnetic contribution of the heat capacity, Cm, obtained by subtracting to C the lattice contribution (dashed line in Fig. 6 ), we derive the magnetic entropy for 1 as a function of temperature and field ( Figure 6 , bottom) by making use of the equation:
The lack of data in the zero-field heat capacity for temperatures lower than 0.3 K was corrected by rescaling the experimental entropy such that the high-temperature limit meets the value corresponding to the full magnetic entropy content per mole, i.e., 2Rln(sGd + 1) = 4.16R for sGd = 7/2 (dashed line in the bottom panel of figure 6 ). From the so-obtained entropy curves we finally calculate the magnetic entropy change, ΔSm, and adiabatic temperature change, ∆Tad, respectively, reported in the top and bottom panels of Fig. 7 . The ΔSm was also estimated from the experimental magnetization data (yellow full markers) by making use of the Maxwell relation: 
S / R T / K
The magnetic entropy changes, independently found from heat capacity and magnetization experiments, are in good agreement, thus confirming the validity of our data analyses. The maximum value of −ΔSm achieved for 1 is 18.5 J kg -1 K -1 at T =1.9 K and applied field change ∆B = 7 T, while ∆Tad increases up to 9.6 K at T = 1.4 K and ∆B = 7 T. The magnetic properties of complexes 2 and 3 are given in the form χMT vs T in Figure S3 . We have tried to model the magnetic properties of 2 and 3 taking into account the crystal field effects that split the ground 2 F7/2 term of the Yb III Kramers ion in J+1/2 doublets and the exchange coupling between the ground doublets. In keeping with the trigonal dodecahedron D2d local symmetry of the YbO8 coordination environment, the Hamiltonian to be considered is: Intensity / a.u.
wavelength / nm appear together as the band at 976 nm. This assignment is more in line with the energy gap calculated from the dc susceptibility data (< 2 cm -1 ) and the total crystal field splitting of the 2 F7/2 multiplet (550 cm -1 ) is in agreement with those observed for other YbO8 complexes. 12 It is worth mentioning that other YbO8 complexes with triangular dodecahedron geometry and similar Yb-O distances do not exhibit the low energy band at ~ 1050 nm (the other three bands appear at almost the same energies as in the emission spectrum of 2). Although its origin is unclear, the apparent weak band at the lowest energy (1045 nm) could be tentatively attributed, among other things, to the crystal growth process leading to the creation of different Yb III defects in the polycrystalline sample, or to a strong interaction of the Yb III ion with lattice vibrations, which would result in additional vibronic transition in the spectra, or to local Yb III -Yb III interactions inducing modifications in the crystal field splitting of the 2 F7/2 ground multiplet.
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In view of the above considerations it would be reasonable to assume that the second assignment (b) is more probable.
The appearance of the room temperature emission spectrum of compound 3 shows a well resolved structure ( Figure 9 ). The emission profile can be deconvoluted in to seven bands in the 948-1045 nm range, attributed to the 2 F5/2→ 2 F7/2 transitions. At 77 K the high energy bands observed in the room temperature emission spectrum at 948 nm and 962 nm disappear and therefore are attributed to "hot" bands, arising from thermally populated high crystal field levels of the 2 F5/2 state. Although bands at 977 nm and 992 nm undergo a decrease in intensity in relation to the lower energy bands, the former is observed in all reported Yb III complexes and therefore cannot be considered as a hot band. However, the band at 992 nm does not usually appear in Yb III complexes and when observed is assigned to a "hot" band. 12d The remaining bands are assigned as in complex 2, so that the band at 977 nm encompasses the two more energetic bands whose difference represents the energy gap between the ground and first excited doublets of the 2 F7/2 ground multiplet. This assignment is 920 960 1000 1040 1080
Intensity / a.u.
λ / nm also in good agreement with the dc magnetic results.
Luminescence decay profiles were satisfactorily fitted with single exponential functions in both cases, thus indicating the existence of only one emissive Yb III centre in 2 and 3, (in 2 there are two Yb III centres, but they are crystallographically equivalent). The observed luminescence lifetimes (τobs) are 0.515 µs and 10 µs for 2 and 3, respectively. In the case of 2, the presence of one coordinated water molecule to the Yb III centre (and to a lesser extent noncoordinated water molecules) would favour vibrational quenching via O-H oscillators, and would be expected to exhibit a relatively shorter lifetime. 25 In contrast, for complex 3 the effective encapsulation of the metal ion, and thus complete absence of coordinated and non-coordinated solvent molecules, should largely reduce the quenching of the Yb III centre and a relatively long lifetime is observed.
Dynamic ac magnetic susceptibility measurements as a function of both temperature and frequency were performed on 2 and 3. These complexes did not
show any out-of-phase (χM") signal under zero external field, which can be attributed to the presence of fast relaxation of the magnetization via a QTM mechanism typical of 4f-containing complexes. 1 When the ac measurements were performed in the presence of a small external dc field of 1000 G to fully or partly suppress the quantum tunneling relaxation of the magnetization, complexes 2 and 3
showed typical SMM behaviour below 8 K with out-of-phase peaks in the 5 K (1488 Hz)-4 K (575 Hz) and 5.5 K (1490 Hz)-3.5 K (100 Hz) ranges, respectively (see Figures 9 and 10) . Despite the fact that dc fields higher than 1000 Oe do not additionally slow the relaxation of the magnetization, both χM' and χM" components ( Figure 9 and 10 top) do not go to zero below the maxima at low temperature, which can be taken as a clear indication that the quantum tunneling of magnetization has not been efficiently suppressed, which can be promoted by transverse anisotropy, dipolar and hyperfine interactions. Although for Kramers ions, such as Yb III , the first mechanism would not facilitate the QTM relaxation process, it might be favoured by the mixture of the wavefunction of the ground doublet with that of excited state doublets via the crystal field. 
The fit afforded the following parameters: 23.6(9) K with τo = 1.5 x 10 -6 s and τQT = 0.0013(1) s for 2 and 30(1) K with τo = 5.0 x 10 -7 s and τQT = 0.005(1) s. However, the quality of the fit is not perfect, particularly at low temperature (see figures 9 and 10, bottom inset). In view of this we decided to fit the experimental data to an equation that considers that the spin-lattice relaxation takes place through Raman and QTM processes:
The first term corresponds to the Raman process. In general n = 9 for Kramers ions, 27 but depending on the structure of the levels, n values between 1 and 6 can be considered as reasonable. 28 The fit of the experimental data is excellent affording the following parameters: n = 4.7(1), B = 3.3(5) and τQT = 0.0018(1) and n = 5.9(1), B = 0.35(4) and τQT = 0.01(2) for 2 and 3, respectively. The energy barriers extracted for 2 and 3 from ac dynamic susceptibility measurements are larger than the corresponding energy gap between the ground and first excited doublet states determined by dc susceptibility measurements, which can be due to an underestimation of the energy gaps by the simple crystal field model we used to fit the dc data. Nevertheless, the excellent fit of the ac susceptibility data to a combination of Raman and QTM processes might indicate that the spin-lattice relaxation is not of the thermally activated type, but takes place through an optical 
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